Because of the potential threat for development of plants, resulting from the occurrence of too high cobalt contents in soil environment, a study was undertaken aiming to determine the effect of increasing soil contamination with cobalt (0, 20, 40, 80, 160, 320 mg·kg -¹ of soil), following the application of neutralising substances (farmyard manure, loam, charcoal, zeolite and calcium oxide), on the soil pH, hydrolytic acidity, total exchangeable bases, cation exchange capacity and the base saturation. In the series without neutralising substances added, soil contamination with the highest doses of cobalt resulted in a decrease in pH, in the total exchangeable bases, in the cation exchange capacity, and in the base saturation, and in an increase in the soil hydrolytic acidity. Of the applied neutralising substances, farmyard manure and particular calcium oxide had the greatest effect on the analysed soil properties. The application of the substances resulted in an increase in the soil pH, in the base exchange capacity, in the cation exchange capacity and in the base saturation and also in a decrease in the soil hydrolytic acidity. The other substances had no, or a small, effect on the studied soil properties.
INTRODUCTION
The content of heavy metals in soil depends on both natural and anthropogenic factors. Among the natural factors there are weathering of rocks, volcanic processes, evaporation of the oceans and forest fires. The anthropogenic factors mainly include the activity of various branches of industry, combined heat and power engineering industry, road transportation and intensive agricultural production [Bezerra et al. 2014 , Li et al. 2014 , Micó et al. 2008 , Zupancic, Skobe 2014 . Because of the rapid development of the civilisation in recent years, the anthropogenic factors have become the main source of soil contamination with heavy metals [Kierczak et al. 2008 ] having a strong effect on the soil properties [Wyszkowski, Wyszkowska 2009 ].
One of the heavy metals which accumulate in soil is cobalt. A natural source of its occurrence in soil are such minerals as cobaltite, smaltite, linnaeite and safflorite. Large contents of cobalt in soil also accumulate in igneous and sedimentary rocks [Luo et al. 2010 ]. An increase in the cobalt content in soil environment results mainly from human activity connected with cobalt mining works, with the application of fertilisers, pesticides, chemical agents, with wastewater treatment, combustion of fuels, production of steel, catalysts, lacquers or paints [ Because of the potential threat for development of plants, resulting from the occurrence of too high cobalt contents in soil environment, a study was undertaken aiming to determine the effect of increasing soil contamination with cobalt, following an application of neutralising substances, on the soil pH, hydrolytic acidity, total exchangeable bases, cation exchange capacity and the base saturation.
MATERIAL AND METHODS
An experiment was conducted in the vegetation hall of the University of Warmia and Mazury in Olsztyn, in polyethylene pots holding 9 kg of soil. Before the experiment, the soil had the following properties: pH in a 1 M KCl solution -5.05; hydrolytic acidity -28.40 mmol(+)·kg -1 ; total exchangeable bases -46.50 mmol(+)·kg -1 ; cation exchange capacity -74.90 mmol(+)·kg -1 ; the base saturation -68.08%. The soil was contaminated with increasing doses of cobalt: 0, 20, 40, 80, 160, 320 mg·kg -1 of soil, in a form of cobalt chloride. In the experiment, neutralising substances were applied, in the form of farmyard manure, loam, charcoal, zeolite in an amount of 2% based on the weight of the soil, and calcium oxide in a dose corresponding to 1 Hh. In order to secure the plants' nutritional requirements, all pots additionally received mineral components in the following amounts: 100 mg N; 35 mg P; 100 mg K; 50 mg Mg; 0.33 mg B; 5 mg Mn and 5 mg Mo·kg -1 of soil. The main plant in the experiment was spring barley (Hordeum vulgare L.) of the cultivar Mercada, and the successive plant was white mustard (Synapis alba L.) of the cultivar Bamberka. The spring barley harvest was performed in the ear-forming phase and the white mustard harvest in the flowering phase. The research material was soil sampled after the harvest of the successive plant.
The soil, before performing the laboratory analyses, was dried in the open air, and then sieved through a 1 × 1 mm mesh. The soil pH in a 1 M KCl solution was determined potentiometrically, and the hydrolytic acidity (HAC), and the total exchangeable bases (TEB) were determined with the Kappen method [Ostrowska et al. 1991 
RESULTS AND DISCUSSION
Based on the obtained results, it was found that both soil contamination with cobalt, and the applied neutralising substances had a significant effect on the analysed soil properties (Tables 1-2 ). In the series without neutralising substances added, introducing increasing doses of cobalt into the soil resulted in a decrease in the soil pH from 6.03 to 5.32 (r = -0.552). The greatest decrease in pH was noted in the objects with 80 and 160 mg Co·kg -1 of soil added. With decreasing soil pH, the hydrolytic acidity increased (r = -0.506). Soil contamination with cobalt also had an effect on a decrease in the total exchangeable bases, Of the applied neutralising substances, the greatest and significant effect on the analysed soil properties had calcium oxide. Following its introduction into soil, there was a significant increase in the pH to the value of pH > 7 and a decrease in the hydrolytic acidity by 40% on average, compared to the series without additions. Increasing soil pH also resulted in an increase in the total exchangeable bases by up to 73% on average, in the cation exchange capacity by 31% and in the base saturation by 32%, compared to the series without the substances applied. Farmyard manure also had a favourable effect on the pH, hydrolytic acidity and the cation exchange capacity in soil, although its effect was much weaker than the effect of calcium oxide. Of the other neutralising substances, only charcoal caused a decrease in the soil hydrolytic acidity (by 14% on average). Zeolite and loam did not have a greater effect on the studied soil properties.
The computed correlation coefficients indicate significant relations between all the analysed soil properties (Table 3) .
Studies by Kukier et al. [2004] indicate that increasing the soil pH from 5.8 to 6.8-6.9 may significantly decrease the availability of cobalt to plants. The lesser harmfulness of cobalt occurring in alkaline or neutral soil environment is also confirmed in the study by Wendling et al. [2009] . A favourable effect of calcium oxide on the soil properties analysed in the work was also found by Kosiorek and Wyszkowski [2016] , and Wyszkowski and Sivitskaya [2015] . The study by Azeez and Van-Averbeke [2012] confirmed the positive effect of farmyard manure on physico-chemical soil properties, particularly on the soil pH. In the studies by Wyszkowski and Modrzewska [2016] , as opposed to experiments by Wyszkowski and Sivitskaya [2015] , the effect of compost and zeolite on the abovementioned soil properties was also relatively small. The effect of the zeolite introduced into to soil on an increase in the soil pH was found by Filcheva and Tsadias [2002] and Singh et al. [2000] . Glisic et al. [2009] also indicated that introducing zeolite into soil with an addition of farmyard manure has a significant effect on a decrease in hydrolytic acidity. 
CONCLUSIONS
1. In the series without neutralising substances added, soil contamination with the highest doses of cobalt resulted in a decrease in pH, in the total exchangeable bases, in the cation exchange capacity, and in the base saturation, and in an increase in the soil hydrolytic acidity. 
